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Introduction
High energy nucleus-nucleus collisions at energies above 200 MeV/nucleon have been studied with detection systems designed to measure one light particle (7r, n, p, d, t, 3He and°He) or a few light particles from each interaction [1] [2] [3] [4] . Recent experimental results [5, 6] demonstrate that to differentiate between the predictions of various models such as hydrodynamics, cascade, and thermal, one must measure as many of the outgoing particles as possible. Several systems have been developed to deal with large multiplicities of light charged particles emerging from high energy nucleus-nucleus collisions . These include the Plastic Ball [7], the streamer chamber [8] , the time projection chamber (TPC) [9], HISS [10] , and DIOGENE [11] . At energies below 200 MeV/nucleon, the problem of detecting multi-particle final states is complicated by the increasing importance of heavy fragments (Li, Be, B, etc.) [12] and is made easier by the smaller multiplicity of emitted particles.
The simultaneous detection of all types of charged particles ranging from pions to fission fragments requires a system with a very large dynamic range. One way to obtain 47r coverage and retain a large dynamic range is to construct an apparatus that has a logarithmic 0168-9002/85/$03 .30 © Elsevier Science Publishers B.V . (North-Holland Physics Publishing Division) increase in the stopping power of the detector as a function of the range of the emitted particle . Presented here are the prototypes for the detectors that will form such a system .
The low pressure multiwire proportional counter -(LP)MWPC -makes up the inner layer and is capable of detecting fission fragments and other slow, highly ionizing particles around Coulomb barrier energies . The MWPC provides position sensitivity as well as timing information for these particles. The Bragg curve counter (BCC) is designed to detect more energetic particles such as 12C nuclei at 30 MeV and functions as the more dense second layer. The BCC gives the Z and total energy of fragments that stop in it . A Bragg curve counter was chosen, rather than a standard ion chamber with the electric field perpendicular to the particle paths, because it lends itself more readily to close packing and the output consists of one signal . Penetrating light particles will pass completely through MWPC and BCC and can be observed in scintillator telescopes . The scintillator telescopes provide AE-E information for ligh particles such as pions, protons, and alphas as well as timing information for random-coincidence suppression and pion identification . Both signals are read out with a single photomultiplier tube, the slow CaFz and fast The requirement of covering a large fraction of 41r with MWPCs, BCCs, and scintillator telescopes constrains the shape of the detectors. The shape chosen is based on a thirty two face truncated icosahedron containing 20 regular hexagonal faces and 12 regular pentagonal faces. An example of this geometrical object is shown in fig. 1 with the hidden lines shown dashed . The geometry of the counters presented here (the prototype subarray) is a truncated hexagonal pyramid and is shown schematically in fig. 2 . Another aspect of attempting to cover a solid angle close to 497 is that the detector must be sensitive over most of its area and must have walls that present a small cross section compared to the active area . The detector is constructed such that the center lines of the walls are along radii of a sphere centered at the target . G. D. Westfall et al. / A logarithmic detection system Fig. 2 . Schematic representation of one of the 30 subarrays that will make up the multiparticle array.
Apparatus
We have constructed and succesfully tested one prototype subarray (i .e. one MWPC and BCC, followed by 6 scintillator telescope elements) as is shown in fig. 2 . The distance from the target to the center of the front of the MWPC is 15 cm. The active area of the MWPC is 65 cmz giving -a solid angle of 0.29 sr. The total thickness of the MWPC including support frames is 1.6 cm and the total length of the BCC is 15 cm . The thickness of the prototype scintillator telescope is 3 mm for the CaF2 and, at present, 15 cm for the plastic.
. The MWPC
The MWPC is a low pressure gas detector utilizing the double amplification process as discovered by Breskin et al . [13] . Based on this principle, detectors have been built with active areas of 2 X 2 cmz which have an intrinsic time resolution of 100 ps . These devices can be used as start detectors for heavy and slowly moving particles such as fission fragments [14] . Also, larger versions (8 X 10 cmz area) of low pressure MWPCs have been developed, and made position sensitive in two dimensions by dividing the cathode foils into strips [15] . However, because this method requires components such as delay lines outside the detector body, this method of position readout is impractical for applications requiring close-packing . For this reason the strips on the cathode foils were connected by a resistive NiCr strip as described below. The position signal is then obtained by the charge division method.
The detector is shown in exploded view in fig. 3 . The anode is a plane in the center of the detector composed of gold plated tungsten wires 12 lint in diameter spaced 1 mm apart. These wires are connected to the high voltage and also provide a fast timing signal. The two 
. The BCC
A Bragg curve counter (BCC) is basically an ionization chamber with its field parallel to the incoming particles. In this way the range of the particles that are stopped in the detector can be measured . The idea of a Bragg curve counter was originally put forth by Gruhn et al. who also constructed the first operational BCC [16] . Since that time several groups have constructed BCCs along similar lines [17] [18] [19] [20] . The BCC takes advantage of the fact that the maximum specific ionization of a stopping ion is proportional to the atomic number of the particle . By measuring the maximum of the ionization one obtains the charge Z of the particle ; the integral of the ionization is a measure of the energy E. In principle, since one has obtained multiple AE measurements, the mass A of the particle should also be accessible (see e .g . ref .
[20]) .
The electrons liberated by the ionization of the stopping charged particle drift to an anode which is shielded by a Frisch grid. Since the electric field is parallel to the path of the particle, one measures the charge collected on the anode as a function of time, and thus obtains the complete energy loss distribution of the stopping ion. In the present counter the range of subtended angles to be covered is very large and the information concerning the ionization of the stopping particles will be lost if the electrons do not drift parallel to the trajectory of the particle . Thus, a field shaping grid was installed inside the BCC to approximate a radial field . This is illustrated in fig . 4 . The design of this field shaping grid was calculated with the program POISSON [21] in cylindrical geometry . The main structure of the BCC is a hexagonal pyramid made from 6 .35 mm G10 fiberglass epoxy laminate . The entrance window of the BCC has a minor diameter of 10 cm . The pressure window of the BCC is made of 6 pin (or 800 pg/cm2 ) thick aluminized mylar supported by a wire grid with 1 cm spacing . The distance between the cathode and the Frisch grid is 14 cm . The Frisch grid is made of 12 .5 um gold plated tungsten wires with a 0 .5 mm spacing. The anode is a similar wire grid located 1 cm behind the Frisch grid. The rear pressure window is formed by the scintillator telescopes .
The BCC usually operates at a pressure of 500 Torr Ar/CH Q (90/10%) gas .
The scintillator telescopes are designed to detect light particles from pions to alphas . The basic technique for obtaining AE and E information for particle identification and energy measurement is a "phoswich" technique originally suggested by Wilkinson [22] and recently put into regular use by Gutbrod et al . [7] . This technique takes advantage of the different time constants for the emission of scintillation light from CaF2 crystals and from plastic scintillators . We used 3 mm thick CaF2 (Eu) [23] crystals for the AE scintillator, and 15 cm thick BC412 [24] plastic scintillator for the E.
The characteristic time for light emission from CaF2 is 1 ttts while plastic scintillators emit most of their light in 50 ns . Thus one can obtain the energy loss in a thin CaF2 A E detector by putting a long, delayed gate on the output signal of the phototube while the energy deposited in the plastic scintillator is obtained using a prompt, short gate .
The geometry of the scintillation counters aids this technique because the collection efficiency for the light produced by the CaF2 is higher than light produced near the back for the plastic scintillator giving a satisfactory ratio of the light emitted by the two different scintillators . The 6 scintillator telescopes are each con-35 0 nected via lightguides to Philips XP2202 photomultipliers. The light emission of CaFZ is about the same as that for anthracene, and that of the plastic (BC412), about 60% of anthracene.
Results of test experiments
The detector elements of the prototype array have been tested extensively, both with radioactive sources (where possible) and with heavy-ion beams. Experiments were performed with beams of 360 MeV 1ZC and 490 MeV 14N at the National Superconducting Cyclotron Laboratory of Michigan State University, with 230 MeV 35 Cl at the tandem/linac accelerator of Argonne National Laboratory, and with 4 GeV 4°Ar at the Bevalac of Lawrence Berkeley Laboratory.
. The MWPC
We present her tests of the MWPC as performed with a ZSZ Cf(sf) source . The time resolution has been checked by measuring the time of flight of fission fragments between a "normal" MWPC type startdetector (such as reported in ref. [14] ) and the hexagon type MWPC positioned behind it . The total resolution obtained this way for fission fragments was about 600 ps fwhm. The intrinsic resolution for elastic scattering of high energy heavy ions is expected to be better than 200 ps [15] . A two-dimensional plot of X-position versus Y-position is shown in fig. 5 . The plot shows the detec- G.D. Westfall et al. / A logarithmic detection system tor, exposed to fission fragments from the 252 Cf source through a mask . The mask consists of a hexagon, covering the whole of the detector except an outer rim of about 1.5 mm and a lettering pattern. We concluded that the position resolution of the hexagonal MWPC in both dimensions is better than 1 mm fwhm. The right part of the plot appears more compressed than the left part . This is due to a non-uniform evaporation of the NiCr strip on this cathode foil, causing a change in resistance going from one end to the other.
The BCC
The Bragg curve counter can be read out using two different techniques. Firstly, from the measured Bragg curve the peak amplitude and the total energy can be deduced with amplifiers having short and long shaping times, respectively . Secondly, the particle can be followed through its Bragg curve as a function of time using a flash ADC. Fig. 6 shows results as obtained with a beam of 35 MeV/A 14N delivered by the superconducting cyclotron of NSCL/MSU . Heavy fragments resulting from the reaction Au( 14 N, X) were detected. The detector was placed at an angle of 45°. The first (analog) readout method was used in this case. The anode signal of the BCC was, after amplification by a charge sensitive preamplifier, distributed to two spectroscopy amplifiers . and correspond to fragments that barely make it into the detector, and to fragments that punch through. The particles with energies in the vicinity of these extremes are excluded (with a software gate). This calibration is linear to a good approximation (see ref.
[25]). The energy loss through the pressure windows is taken into account.
The current signal of the BCC for a particles from a 22sTh source is shown in fig. 9 . The signal was amplified by a timing filter amplifier. The Bragg curves for the two main a-lines (6 .09 and 8.78 MeV) are clearly visible. The second method of reading out the BCC utilizes this current signal . This signal is digitized by a flash encoder that integrates the charge in 30-100 ns time bins . Again, the peak of the distribution can be related directly to the Z of the passing ion, and the integral of the curve is the total energy . Typical Bragg curves (snapshots), obtained this way for the reaction 1°N + Au at 35 MeV/nucleon, are shown in fig. 10 . The two curves shown correspond to N fragments of different energies . Note that the two curves show the same peak height (corresponding to Z) but different areas (corresponding to E) . The X-axis of fig. 10 corresponds to time ; the time actually runs from right to left since the readout is done from the anode. The calibration is 90 ns/channel .
. The scintillator telescopes
We present here results on the CaF2/plastic AE/E telescopes as obtained at NSCL with the reaction 12 C + 12 C at a beam energy of 30 MeV/A. In fig. 11 , a E (CHANNELS) Fig. 11 This detector array is a hexagonally shaped cone and is a prototype element for a device with a solid angle close to 477 . Results of initial test experiments of this multi-particle detector with a variety of heavy-ion beams are reported . These results demonstrate its suitability for use as the basic building block of a 477 array. Such an array is presently under construction at our laboratory .
Appendix
Most scintillator telescopes that utilize the phoswich technique consist of a CaF2 A E element, and plastic E element. This includes the prototype detector for the 477 array described in this paper. Recently, however a new plastic with a slow decay time constant has been developed [26] . The properties of this new plastic scintillator, compared with CaF2 and the regular "fast" plastic are shown in table 1 .
We are presently planning to use a "fast/slow" plastic phoswich detector for the 41r detector . The advantages as compared to the CaF2 (slow)/plastic (fast) system are: 1) much easier to machine than CaF2 in the desired shapes (hexagonally and pentagonally shaped cones) ; 2) the index of refraction of both scintillators are the same providing ideal optical coupling ; 3) the thin 4E scintillator is the fast one (as opposed to the CaF2/plastic system) defining a better electronic trigger signal .
We tested a sample "fast/slow" detector . The AE detector consisted of a 6 .4 mm thick BC444 slow plastic, the E detector of 5 cm BC412 fast plastic. The diameter of the scintillators was 5 cm . This scintillator telescope was read out using a R329 photomultiplier. The telescope was placed at a laboratory angle of about 20°, and particles from the reaction t2 C+ t97Au at 30 MeV/ nucleon were detected . The beam was delivered by the superconducting cyclotron of NSCL/MSU . The gate width for the fast component was set at 40 ns wide, and for the slow component 1 ,us. The resulting 4E/E plot is shown in fig. 12 . As can be seen, the particle identification properties are excellent . Light particles (p, d, t, 3He, a) are observed with energies corresponding to the thickness of the scintillator telescope elements . The d E detector provides the trigger signal.
For the protons, particles that "punch through" the detector are visible. The peak-to-background ratio for the protons is about 500 to 1. 
